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SPECIFICATION 

1 0 genetic paZ^ ^the hTst 9 * °' ^ ° f th ' S " ^ PartiCU ' ar gene belon 9 in 9 » the norma. 

hybrids formed coul the *p h i3 Bnt ? 91 the 'T' W3S avai,ab,e and when the 
solution subjected to ' ' eXamP ' e by d, ' fferentia ' sedimen tation ■ 

" (RNA. DN^u'^ they a ™ L 9 enera "V instituted by ribonucleic acids 

medium and at a high temperature or in a basic medLm bat '° n 8 h ' 9h '° n,C Stre " 9th 

35 eitherofX'^ tZfr^ hybrids formed - « labe,in 9 

35 

r J* - S W i th the ° b,ect 0f P ermittin 9 easier localization of the genes under studv in the DNA 

5«5 m «*od however is hardly applicable to the purposes of rapid detection of the oresence or 

£S^S^S^,?tJ " 3 Di °Jr al SPedmen de ^ ed from a n °man% P rTnSh st, 55 
dossSv t f^toH obje " of e*ab hshing r apW diagnosis either of the disease with which the host may 
possibly be afflicted, or of he integrity or not of a gene or of a DNA sequence, for example in this host 
to JL ■ anSeS fr0m the conversi °" <* the Manning et coll. method, which conversioTleads 

60 Z^ZS^ZT' 6Ven °l Characterizati0n ' ca P ab,e ° f b -"9 applied in the absence of 
ou expensive equipment, by persons having only little laboratory experience. fin 

acid h^J?!^^"^^^ th6re '? pravided a method of detecti "9 the presence of nucleic 
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hybridization product formed from said probe and nucleic acid having the particular sequence 
characterised in that the probe is modified chemically for coupling with an enzyme and the hybridization 
product is detected by the action on a substrate for the enzyme of enzyme coupled to the hybridization 
product. 

5 The invention also provides a kit for use in carrying out the above method, comprising: 5 
— at least one specific probe formed from RNA or a single DNA strand, characteristic of a desired 

nucleic acid sequence or nucleic acid, this probe being modified chemically for its coupling with an 

enzyme, 

— said enzyme, 

1 0 — a substrate specific to the enzyme, and ^ g 

— reactants necessary for the lysis of the cellular medium to be studied and for the extraction of 
the nucleic acids from the cells of this medium. 

The method of the invention may be applied to the detection of possible presence of the 
characterization of a sequence or particular fragment of nucleic acid, notably of a gene, even of the 
1 5 whole nucleic acid in a complex sample of nucleic acids. 1 5 

Advantageously, the enzyme is selected according to its capacity to act on a chromogenic 
substrate, which permits the measurement by optical analysis, of the conversion ratio of the substrate, 
which ratio is then correlated with the presence or not of the nucleic acid sequence or of the nucleic 
acid sought in the initial sample. 
20 in a preferred embodiment of the application of the invention, the probe is modified by a chemical 20 
group capable of forming a stable complex with the enzyme directly or via a molecule itself bound stably 
to the enzyme. Advantageously, the above-said chemical group and the above-said molecule are 
respectively constituted by biotin and avidin or vice versa, the enzyme being itself advantageously 
constituted by /5-galacotosidase. 
25 It is self-evident that the chemical modification must be such that it does not prevent the possible 25 
subsequent hybridization of the probe with the DNA sequence or fragment sought 

It will immediately appear to the specialist that this technique permits a rapid determination of the 
presence or not in a biological sample of the gene or DNA fragment corresponding to the probe used I 
and this even in the presence of a considerable amount of other nucleic acids. This is particularly so due 
JU to the fact of the amplification at the level of detection which is obtained by the action of the enzyme 30 ? 
fixed to the hybrid on the substrate brought into its presence. It is even possible, after sufficient 
purification of the hybrid, to obtain an indication as to the concentration in the DNA sought in the 
biological samples studied or as to the distribution ratio of the gene sought in a purified DNA by 
measurement of the enzymatic activity observed. 
35 Starting from a nucleic acid sample, to be studied, it is possible to first carry out the hybridization 35 
then the coupling reaction between the chemically modified and hybridized probe, and the enzyme to ' 
then proceed with the separation or the degradation of the possible excess of non-hybridized probe and 
of the excess enzyme which has not reacted with the probe, before carrying out the above mentioned 
measurement 

40 As an alternative, the separation or degradation of the possible excess of non-hybridized probe 40 j 
may be carried out before the coupling reaction between the chemically modified and hybridized probe I 
and the enzyme. \ 

; The specific probe can be constituted by any specific RNA or DNA either single strand (mono- j 
catenary), or denaturated previously by techniques known per se, if it relates to a DNA (or an RNA) 
45 initially double strand. 45 j 

When the chemical modification of the probe is carried out by means of biotin, it is possible to \ 
resortto the technique described by Manning et coll. in the already mentioned publications, through j 
cytochrome C, notably in the proportion of one molecule of biotin on the average for about 1 00 
nucleotides. 

Advantageously, recourse is then had for labelling the hybrid by the enzyme, to the product 50 j 

resulting from the coupling of avidin and the enzyme, notably /5-galactosidase, by the Avrameas method j 
I Immunochemistry", 1969,6, 43 — 52). 

It goes without saying that it is possible to resort to other chemical modifications of .the probe and. j 
if necessary, of the enzyme, to effect their coupling, preferably after the hybridization reaction, and that 
so it is possible to reverse the modifying agents of the probe and of the enzyme respectively. 55 
Other pairs of modifying agents of the probe on the one hand, and of the enzyme, on the other 
hand, may also be used. By way of example, the following pairs are mentioned, the first of these agents 
being preferably used for the chemical modification of the probe and the second for the chemical 
modification of the enzyme. For example, the probe may be modified, by a known method, by metallic 
°u ,ons (mercury for example) and the development is done by means of an enzyme having hydrosulphide 60 
groups (-SH), or coupled to a support including such groups. 

By way of example, which is of course non-limiting, of an experimental procedure which may be 
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A small amount of the DNA obtained, for example comprised between 1 and 100^g # is denatured 
by 0.1 to 0.3 N soda, the solution then being neutralized and brought back to pH 7. 

To the solution obtained, the probe corresponding to the DNA fragment or to the DNA sought is 
then added in the proportion of about 1 /jg of probe per 1 00 /ig of denatured DNA (the amount of soda 
5 to be used is a function of the proportion of DNA sought in the specimen to be analyzed). The solution is 5 
then completed with salts for conferring on the medium a high ionic force, at least 0.3 M NaCI, in the 
presence of 50% by volume formamide and a chelating agent at low concentration, preferably in small 
volume. The hybridization can then be carried out at ordinary temperature for 1 to 40 hours (generally 
overnight). It is also possible to use the technique already described by Manning, As an alternative, any 
1 0 other hybridization technique can also be resorted to, for example, that described by KOHNE et al in 1 n 
"Biochemistry" (1 977) (16, 5329—5341), at ordinary temperature in a phenol emulsion. 

Avidin coupled to an enzyme such as 0-galactosidase is then added to the medium under 
conditions permitting the coupling of the biotin of the probe with the free groups of the avidin of the 
coupling compound of the avidin and the enzyme. 
1 5 The non-hybridized reagent is then separated from the hybridized reagent by conventional ^ g 

techniques, such as precipitation with polyethylene glycol, passage over gel, for example that of the 
type named SEP H AROSE (registered Trade Mark), ultra-centrifugation. 

As an alternative it is also possible to carry out the separation of the non-hybridized probe before 
the coupling of the avidin bearing the enzyme with the biotin groups coupled to the hybridized probe 
20 with the DNA. 2Q 

The enzyme possibly fixed and consequently the possible effective hybridization of the probe with 
the DNA studied may be visualized or detected by placing in contact with the medium a substrate of the 
enzyme, notably that constituted by orthonitrophenol galactoside (ONPG). 

It is self-evident that the experimental conditions once well-fixed, it is possible to determine a 
25 measurable activity threshold, for example, by a colorimetric or fluorographic technique, beyond which it 2 c 
is possible to conclude in the presence in the treated sample of DNA or of the DNA fragments sought. 

The following description of a test carried out in the laboratory has simply the purpose of 
illustrating the manner in which the process according to the invention may be put into practice, it being 
obviously understood that the modifications at the level of techniques, according to the nature of the 
30 biogical specimen studied and of that of the DNA or of the DNA fragment sought, are within the evident 3Q 
scope of the technician skilled in the art. 

Experiments were carried out on the model consisting of detecting the presence of a mouse DNA 
by hybridization of this DNA with a mouse ribosomic RNA used as a probe. 

Mouse DNA (100 /uq per 100/il of aqueous solution) is denatured by addition of soda (10 /xl of 1 
35 M NaOH). 10 minutes later, the solution was brought back to pH neutral by the addition of 10^1 of 1.5 3fi 
M acid sodium phosphate NaH 2 P0 4 . 

1 /llq of ribosomic RNA labelled with biotin by means of cytochrome C, prepared by the technique 
of Manning & Coll., is added to the denatured DNA solution. The volume was adjusted to 1 60^1 with 
water. 40 /u\ of a solution having a concentration of mineral salts equal to twenty times that of the 
40 solution called SSC (abbreviation of the English expression "standard saline citrate") and 200 ^1 of 4Q 
redistilled or deionized formamide was then added to the medium. It is recalled that the SSC solution is 
an aqueous solution of 0.15 M sodium chloride, 0.01 5 M sodium citrate, at pH 7.0. 

The mixture was incubated until the next day at ordinary temperature, then dialyzed at 4°C 
against a solution having a double concentration of the SSC solution, then for 8 hours against 500 ml of 
45 a phosphate buffer at pH 7.0 containing phosphate at a concentration of 0.1 M, sodium chloride at a 
concentration of 1 M and ethylene-diamine-tetrasodium acetate (EDTA) at a concentration of 0.01 M. 
The latter dialysis is then repeated twice, each time for 8 hours. 

The solution thus-obtained was treated with pancreatic ribonuclease for 1 hour at ordinary 
temperature, to obtain a final concentration of 1 0 fig per ml of ribonuclease, this treatment permitting 
50 the degradation of the non-hybridized RNA. 

To the medium obtained was then added a solution of cytochrome C ( 1 mg per ml) and 1 
microliter of a solution containing 1 mg per ml of avidin and 2 mg per ml of /}-galactosidase, of which 1 
molecule of /J-galactosidase in seven is coupled with avidin. It is mixed and thesolutipn is then left to 
stand at 4° C for 4 hours. The medium was then diluted to 1 0 ml with the phosphate dialysis buffer and 
55 the solution obtained is subjected to ultracentrifugation for 1 hour at 35,000 rpm (in a BECKMAN « 
ROTOR SW 41 centrifuge) "BECKMAN" is a registered Trade Mark. The DNA and the hybridized RNA 
are to be found in the centrifugation culot, as well as the avidin /J-galactosidase bound to this RNA. The 
supernatant liquor contains the non-hybridized RNA degraded by the ribonuclease and the unbound 
avidin /$-galactosidase. 

qq The culot is collected and resuspended in 1 0ml of buffer. It is recentrifuged and the culot is taken - n 

up again in 0.5 ml of buffer (tube No. 1 ) and the activity of the /i-galactosidase on the ONPG substrate is 
assayed by the technique described by Miller ("Experiments in bacterial genetics, 1 972, Cold Spring 
Harbor Laboratory", Cold Spring Harbor, New York, USA), by measurement of the optical density of the 



45 



50 



GB 2 019 40fi B 



- - w,„ tun B 

^asaawr-- 





Contents 


Tube No. 


DNA RNA 


1 


+ ' +■ 


2 


+ 


3 









10 



15 



0.45 
0.14 
0.15 



25 



30 



35 



40 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Of course, the invention may be applied in othpr «.h, ,• . 
certain DNA fragments in well-known genetic exnerimpn ? appl,cat,on < notat "y for the labelling of 
DNA concerned. In particular, the InZ^w^ZV^, » 6Stablish th ? 9 enot VPe of the 
not of a particular Defragment in experimented Sj? • de termmation of the incorporation or 
5 transforming DNA from an iSected ^^^3 0^^ T? ? omprismg for example aerations of 
on the contrary operations ofJ«£S tZ nclSnn th« conta,n . ,n 9 the DNA fragment concerned or 
norma.ly contain* in Z DNA o? 2 *«2T nt t^f'SST^f B !"* COncerned ' 
to the extent that, of course a wtowti^^MAV* ^ the infection of the cell < etc < 
sought nucleic acid fragment is avaflable 9ment ° T ° NA •«"««ary to the 

envhsaged; it encompasses on thTcont^ .VnS£?J^ ^th^T m ° re eSPeCia " y 
modifications of the probe which mav enabl* thl ol,™" ^ tfl0se where recour se is had to 

1 relating to the formation h V brid and modifications 

1 5 of the DNA studied itself under cJJ^*Z^!?^t 1 9 ° r the Chemicai modification 

the subject of any oStoM^S^S been described above, the RNA probe not being 

in the case of a ^^^S^^^S^^^ * f ° r 6Xamp ' e 

the whole DNA, in the form of a w!A a^Si^ffV 9SneS ' that !t is desired t0 isolate from 
conventional techniques U h *!t f f ? gmentatl0n of the °NA concerned by 

20 protection defined by the claims equ.valents are included within the field of 

marking" fffSSi^SSS SKSSr t0 Tr""" * 9 eon -- n » ° f 

coupled to an enzyme S as ^alactosida^ ' *' * 016308 ° f 30 anti - hybrid antibod V' 
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25 



30 



35 



nuctote « A c^ ha -9 a particular sequence in a sample of 

acid, with a probe compriK.^SSLm^^'- 3fter Pri ° r denaturati °" of the nucleic 

acid having the P-rticTr^i^ 'f'" 9 hybridized with nuc,e * 

nucleic acid havinq the oarticular ™«„S? ^ 9 l ,ydr,d ! zat,on P r °duct formed from said probe and 
30 coupling with m V^££ ^i^^^^^^^ * 
enzyme of enzyme coupled to the hybridization product V ° n 3 SUbStrate f ° r the 

2. A method according to Claim 1 , in which the enzyme is selected a rmrH;„„ ♦ ■♦ 
on a chromogenic substrate the hybridization nmri..,* • aI 'f * e ' ected according to its capacity to act 
the substrate which ra^^n ^^ZTiT ted 5* measurin 9 the conversion ratio of 

35 particular sequence in the sample " absenCe of nuc,eic acid havi "9 *e 

capabfc i^T^c^J^^ d tS, th 6 ^ iS mod "" d by 3 Chemical 
the enzyme. P 6 enzyme direct,y or via a molecule itself bound stably with 

40 molecp^ 

galactosfdaTe 8CC ° rdin9 10 PreC6din9 daim < in Which the en2 vme is constituted by /J- 

probe^en^u^ ^ first the sam P>* * contacted with the 
45p r0 beisse^ 

P-obJn^ ^ratedorV t0 H ^ firSt the Sample is COntacted *. 

probe and enzyme P 3 ed ° r degraded prior t0 couplin 9 the chemically modified 
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probe and enzyme 

8. A "kit", comprising: 



— said enzyme, 

—a substrate specific to the enzyme, and 
.he ,0 * S,Ud ' 8d =" d <°' *• — - °< 55 

probe 9 ' * k " aCCOrdi " 9 M C ' aim 8 " herein ,he e "^ me ,s ch8m "»"V for coup.in 9 wl,h ,h. 

60 !? ' i ti! ! CC ° h!" 9 ,0 Claim 8 orClaim 9 wherein the substrate is chromogenic 

-.^■rir* " ciaims 8 ,o 10 " hmin saw ~~ * «° 
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1 3. A kit according to any one of Claims 8 to 1 2 wherein the enzyme is /3-qalactosid asP 
orthr^r^a^ 

chJ^SS^^ aCC ° rdin9 10 C,8im 1 4 Wherein the ™V™ is * »* action on a 

modifil^^^ 

fi-J^^^^^^ t0 C,aim 1 7 ^ ^ses a reaction product of 
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